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RESEARCH MEMORANDUM 

DRCE AND LONGITUDINAL CONTRQL CHARKTERJSTICS Cf!3' A VlWCALE 

MODEL OF THE BELL XS-I TRANSONIC RESEAR-CH ,A * " p  

# 



This report  contains a par t  of the resul ts  obtained to determine 
the e f f e c t j  of canpressibility at high Mach numbers on a l/l&cale 
m o d e l  of the B e l l  xs-l transonic reseamh afrplane. 

Y 

A l t h o a  them results do not present cmp1et;ely the force 
a d  longitudinal control characterist ics of the m~del, general trend.8 
are i l l u s t r a t ed  whfch can at least be qualitatively analyzed for 
level-FILght Maah nunibem up to 0.93. 

P. large increase in drag coefficient O C G U ~ ~  berond a Mach number 
of 0.78. A t  a lift coefficient of 0.1 and a Mach number of 0.9, 
the drag ooefficient hae inoreased .to approximately three times the 
suacritical 7mIue. A t  a Mach number of approximately 0.825, BP 
i n i t i a l  lift force break occurs. This force break, up to a Mach 
nulljber of approximately 0.8’15, is not severe,although elevator-control 
effectiveness fa decreaefng. A t  a Mach number of 0.9, however, t h e  
skrplane, became of an indicated diving tendency with lose and 
reversal in elevator control, will requlre the U B ~  of the stabilizer 
as a trim control. Control by t h e  u8e of the stabi l izer is effective, 
at least up to a Mach nsmiber of 0.93, the limft for these tests. 
These r e ~ u l t e ,  a8 have the wing-flow t e s t  results, have fndfcated that 
although an airplane of a. sgmllar configuration can be controlled i n  
Level flight at transonlo speed with the u8e of the stabi l izer,  a 
rapfd and accurate manfpuhtion of the 8tabiliZer mag be required at 
Mach numbers of approximately 0.90. 

At t h e  requeet of the Air Materiel CnmmRrtn, Axmy A i r  Forces, tests 
were conduoted in the Langley &foot hi-peed tunnel for  the purpose 
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of invetltigating the performance, etabilftg, and control c k r a a t e r i s t i c e  
of the Bel l  XS-1 tmneonfc researoh airplane. Thl8 airplane is 
designed to fly through the transonic region t o  obfxtin fflght reeearch 
information. 

In order to  aid in perfommc e predic tiom l i f t  and drag polar8 
were obtained f o r  the basic model configuration  without the eimulation 
of rocket power, The investigatfon included Stabilizer and elevatolr- 
effectiveness t e e t e ;  however, becawe of incmtplete tare evaluation, 
the pitching+Iu.meat data are preeented f o r  ~f attack &.only 
Oo and 6 O .  

This report preeents data which are corrected for tares. Other 
data, which are  not preoented but whfch have been obtained, require 
additional tunnel tes t ing to  evaluate the tares. By the m e  of the 
data i n  this report, trends i n  l i f t  and drag forces and longitudinal 
control characteristics are indicated wkich may be of internet in 
comec tion with flight testing. 

The eymbole used in this report and their definitione are a8 
fOllOW8 : 

V free-stream veloci ty ,  feet per second 

P fme-atream deneity, eluge per cubic foot 

9 

M Mach number 

. 
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ft q l e  of inoidenoe of the horizontal tail with respeot to 
fwe lage center line, degrees. 

For this investigation the B e l l  A i r c r a f t  Corporation eupplied 
d I/l&cele, all-metal, ~o~id-conetnrc t ion  model, which consisted of 
a wing, fuselage, and empennage, The model stabilizer c o U d  be set  
f o r  incidence8 of t 6 O ,  +3*, and Oo. There were no ,gags between the 
s t ab i l i ze r  and elmatom. The three-view dmwing ( f ig .  1) show8 the 
principal dimsnsione of the mode1 a8 tested i n  the Langley &foot 
high-speed tunnel. The physical characteristics of the XS-1 researah 
airplane are given in table  I. 

The Langley.&-.foot high-speed t u r n e l ,  in which thi8 investigation 
was conducted, is a singla-return oloeed-throat type capable of 
obtaining - tunnel empty - a Mach nmber of unity i n  the t e s t  section. 
The tunnel air velocity is aontinuously contro@able. , 'For th is  
investigation, Mach numbers up t o  0.93 were obtained by %he use of B 
8tiIl@-SUppOrt egEta.  
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numbere and t o  permit nadel t ee t i43  at a &mh number approaching unity, 
the model was mounted on a sting-support eyetem, 88 shown in figure 2. 
The system l e  characterized by a support esctendiq from the rear of 
the fuelage t o  a ahielded atmt,vhich i e  cOM8Cted to  the tunnel 
balance system. A tunnel-wall Uner vaa installed in the test eectian 
to produce a higher velocity a t  the model than at the strut and t h u  
prevent the maximum Mach number fKan being limited by choking at the 
strut. Figure 3 shows the eting-eupForl; system, liner, and tare setup 
in the Langley %foot high-epeed-tunnel t e e t  eeot lon.  

. Tare  ._.” aetup - and ”-. eva1wtIan.- Auxiliary 81’1118 to support the model 
88 ehown in figure 3 w e r e  used t o  determine t h e  txre 7aluea of the 
support syetem and interference effeota. The support8 in the region 
of the model were 6-percent-thick a i r f o i l s  avept back 30° t o  minimize 
interference  effects and delay effects due to ccmrpreseibiltty f o r  the 
test M m h  number range. The remalnlw 1)3.?%8 of the tam supports Were 
th in  plates extending back and oonnected t o  the SUppOrt strut. 

The tare setup and the method by which a l l  the data preeented 
In th ie  report have been corrected a m  illustrated in figure 4. Guy 
wires from t h e  wing tipe were used on a l l  tare rum 60 t-t this 
spetem vould be rigid when no sting m e  mod. Two model tare COR- 
f i g u m t i o n s  are reqdired to evaluate the tare forces, For the t a re  
coxfigmation without the st-, the sting ~ra8 replaced by a small 
fueelese fairing. (See f g g ,  2, Thla fairing vas relatively blunt 
bec81i.w of the gecmetry of t h e  fieelage co13t(lws, and also, it w a s  
fe1-L thnt a longer fuselage f a i r i q  would change the baeic pitchi- 
mament characterietlcs of  the fieelage. The aesranptlonS included in 
the tare avaluation are that the interfereme effects of arm8 on 
eting and et ing on a m  are negugible. 

Test Conditione 

These tes ta  were run through a Mach number range f ~ l m  0.4 to 
approximately 0.943. The mo 1 Reynolds m b e r  ranged for them tes te  
f m  appmximately 1.03 x 10 2 to 1.18 x 106 and wa6 based on a model 
mean aerodynamfc chord of 3.607 inches. 

Me8SUlXElEintS 

The force measurements are presented ae standard W A  non- 
dimensional coefficients. These coefficients are baaed on a model 
wing area of 0.508 equare foot. The pl tchiw maments are taken 

. 
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obtained. Because of the -11 magnitude of the corrections, they 
have 'not been applled 'to the data preeented here. 

Tunnel-wall pressure measurements shared that the flow In the 
t e 8 t  aeotlan w a e  free of interference from tunnel choking effecte 
and frcnn the f i e l d  of flaw o f  the support e t m t  at the higheet 
Mach numbem for which data are preeented. 

The model wa6 accumtoly comtructed. The model being of all- 
metal oonstlmctlon remained the same throughout the investigation, 
Diaplaoament of the model center of grav ib  relative to t h e  tnmnion 
axie of the tunnel due to air lo& m e  cunthmuely obeemwi by 
the u8e of a cathetometer, Correctiona for model displacemente have 
been Rpplfed to the pitching mcrment8. The ar@e of attack of the 
model wae also checked bg the U B ~  of the cathetaaneter; for the 

loade obtained the change in m e  of atmck due to deflection 
of the model w m  of the order of 0.2 of a degree. In the anglwf- 
a t tack  range from Oo to 4*, the deflectlonu are conaidered negligible. 

Force Characterietic~ 

~ I F L  characteriatio1.- Model d r q  coefficlente and angle of 
attacX are preeenw fi@lUre 5 aS *%%one OP lift ooefflcient 
f o r  Mach number8 from 0 ~ 6  to 0.90. Model d n g  coeffioiente &e 
functions of Mach number for lift coefficients of 0.5 and 0.40 81'8 
presented in figure 6. A t  8 Mach n m e r  of 0.6 the model drag 
coefficfent is 0.0265 f o r  a l i f t  coefffoient of 0.1. W f t h  inoreaafng 
Mach number a gra&u.&l deurease in dx.ag coefficient occur8 up to a 

M = 0.6) and the eubcrit ical  dra&coefflcient variation may be the 
result of the low Reynolda number for these tests ,  These reeults 
are obtained for a. model vith a .blunt tail fairing and do not 
regreeent a Jet  configuration. A t  a Mach m e r  of 0.78 f o r  a lift 
coefficient .of 0.1 a drag force break accompanied by a rapid imroaee 
in drag coefficient occurs . A t  a Mach number of 0.90 the draa 
ooefficient ha6 increaaed t o  approximately 0.071, about three times 
the   subcri t ical  value. 

Mach number Of 0.775. This drag c o e f f i a i m t  (that 18, CD = 0.0265; 

L i f t  characteristics.- The variation of model lift coef'fioient 
for  conatant an$les of attack 5 8  presented agai%i%,.%k number in 
figure 7. A t  an angle of attack of Oo the Uft fome break ocuura 
at ea Mach number of 0.80. For thie' ooudition the model l l f t  
aoefficient I s  0.30. With incream of Mach number to 0.875 the lift 
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coefficient decreases rapidly t o  approximately 0.025. With a 
further fncrease in Mach number t o  0.925 the l i f t  coefficient 
increases t o  a value  of 0.2. This Increme in lift cclefflcfent at 
high supercr i t ica l  Mach numbers, although subject t o  more fundaments1 
investigation, is believed t o  be mainly the resul t  of the rearward 
movement of the ehoak aisturbance on the q p e r  surface of the wing. 
The formation of shock on the lower surface of the wing at low lift 
coefficients w i l l  terid t o  retard this  rather  rapid l i f t -coef f ic ien t  
inarease. However, at ' the higher l i f t  coeff ic ients  or an angle of 
attack of approximately 8O, the h i m p e e d  l i f t  coeffiolent f a  well 
above the law-epeed value, 

Pitchin nt oharacteristics .- Figure 7 also presents  the 
VariaEiZn o f x o d e l  pitchT-nt COeffici6llt with Msch number 
f o r  angles of attack of-OO an4-60, U:Yortunately, pitching-mament 
ooefficients f o r  all the angles of attack cannot be preaented, 88 
addi t ional  testing is required. Emmer, f o r  . a n  angle of attack 
of Oo the model pitching-acmnbcoefficient variation with Mach 
number-is not eevere until a Mach number of 0.875 is  attained. Wfth 
f'urther inorease in  Mach rimer to 0.93 a rapid incresse in  divfng 
moment occurB. AUAOU& the pttchimcsnent c o e f f f c i e n t ~  are  not 
availabls for other anglee of attack, 3;hese reeults, at least  
qualitatively,  indicate that above .a hach TlulItber of 0.875 the airplane 
will encounter stabflity and trim c ~ e s .  It ghould be  noted here 
that these changee Ln longitudinal-force characteristics occur with . 
re lat ively mall fixreaseff in h h  number, and control, i n  t h i 8  

transcnic region may require rapid  manipulation af the control system. 

Control  charactexdstics.- The variation of model pitchiqstanent  
coefficient with Mach nmiber f o r  varioue elevator deflectfom icr 
presented in figure 8 f o r  EL stabilizer angle of Oo. The model 
pitchlng+mruent ooeffioients against Mach number are presented i n  
figure 9 for an elevator .deflection of 0" Etnd various stabilizer 
angles, The results for the model without  the  horizontal tai l  are 
a lso  presented, These reeults a m  presented for only zero angle of 
attack. Fmm these figurea,increments in pitching moments produced 
by s t ab i l i ze r  and elevator control &re obtained by taking the 
difference fn pituhing ~ ~ n e n t s  between the n&flection tail co* 
figuration (it = Oo, 6, = 00) and. the etabi l izer  and. elevator- 
def leotion  configuratione. These incremental pZtching"mnt 
variation8 with Maoh number are presented In figures-10 and 11. 
These figures illustrate the a b i l i t y  of the e tab i l i ze r  and elevator 
to produce longitudinal control . 

For a Mach number range from 0.4 to apgrcx5matel.y 0~82, figure 10 
indicates that satisfactory  oontrol  ahamcterletios can be obtained 
for  elevator  deflections of *3O, Howevers with increase i n  the 
elevator deflections t o  60 and go, c o n t r o l  effectiveness decreased 



through the Mach runpber range f r m  0.4 to 0.82. From B Mach number 
of 0.82 to a Mach number of 0.925 a large decmaee i n  elevator 
effectiveness O C C U ~ .  For e m l e ,  at a Mach number of 0.9 the 
elevator aa a control in deflecting f m m  -3O t o  3O t e  45 percent as 
effective in produaing changes in longitudiaal pitohing moments &a it 
wae at a Mach number of 0.4. It l a  also indioated that at a Mach 
number of 0.923 and at larger deflections a reveras1 in elevator- 
control effeotJveness ocoum. 

At a Mach number of 0.9 the 8tabili28lr-cO~~tr01 effectiveness 
(fig. 11) ha8 decreased to approximately 33 percent of ita value at 
a Maoh number of 0..4 for a ran@ of -le of lnc idence fmm -3O to 3O . 
EoiieVer, there is no indication (a5 there w 8 ~  with tbe elevator) that 
reversal of a o n t r o l  effeotiveneas will be obtalned up to s t a b i l i z e r  
incidenoe anglea of 360. ' \ 

Ccmprison of Results with Wing-Flow lnvoetigstion 

General lift ohar&tertetiee.- The lift chsmcteristioa in the 
form of lift-curve elope and angle of zero Uft  are presented in 
figure 12 agafnet Maah number. Tbe change8 In Uft-curve slope for 
the two modal configurations- occur at appmlmately the eame Mach 
number. For example, the Laagley 8-fooc hiespeed-tunnel resulta 
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The variations. of angle of eem lift with Mach number obtained 
from both inveetigatiorm show excellent agreement. fig, 12.) 
At approximately a Mach number of 0.825, a decrease 
value) in angle for zero lift occum up t o  approximately a Mach 
number of 0.89; then the angle for zero Hft increases with a further 
increase i n  Mach nmber until, as indicated by the wiwflw reaults, 
a hhch number of 0.95 is reached. 

Control4urface characterl8tlcg.-  A more pract ical  consideration 
is  the variation of oontm1”eurface deffeotiona required f o r  trlm 
with Maoh number. ”he var5atfons of stabilfzer and elevator angles 
with Mach n!U$r for trim at  constant.  angle^ of .a twok a r e  presented 
i n  fibwre 13. B o t h  imestigakione indicate that at Mach numbers 
Fmm 0,85 to 0.93 abrupt changes .occur In, St8bil iZ8r and elevator 
angles reGuired. for trim. These trim changee may neoeseitate a rapid 
nmdpulation of the oontml eurface aa was previuueJy mentioned fn 
the d-lsouesion o f  pitcbfng+mmnt characterist ics,  The present 
investig~tfon ale0 8how-s that the m a l e 1  can be trimmed at two elevator 
deflections rn a ieeult  of reversal of elevator efft3otivene888 

Although thsse X%8a%S do not p3?0S=t CCXJQ18b2y t h e  force Euld 
lon&$tudirwl control   character is t ics  of the model ,  general trends are 
i l lus t ra ted  which can st least be qualitatively analyzed for level.. 
fltght Mach number8 up to 0.93. A large increase i n  drag coefficient 
occur8 beyond. a W h  m b e r  of 0.78, At 8 lift ooefficfent of 0.1 arrl 
and a Mach number of 0.9, the drag coefficient hae Imreased t o  
approximateJy three t i m a  the subcri t ical  value. At a Mach number of 
approximately 0.825 an initial lift force break o ~ c u r 6 .  Thts force 
break, up to a Maoh Turmber of approxlrwtelg 0.8‘75, is not 6evere 
although elevato?+control sffeotiveneee 3.6 decreadng. At s Mach d e r  
of 0.9, however, the airplane, because of an indicated diving tezdencg 
wfth loss and reverasl i n  elevator aontrol, w i l l  require the  use of 
the stabilizer 88 a trfm aontrol.  Control by the m e  of the stabilizer 
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l e  effective at least  up to a Mach number of 0.93, the lhlt for 
these t e s t e .  These reaulte, a8 have,the wing-flow-te& reoulte, 
have indicated that, althou@p an airplane of elmilar configuration 
can be controlled in level. flight et  trmaonic apeede with the uae 
of the ekabilizer, a rapid asla accurate mipula t ion  of the stabilizer 
m4y be required a t  Mach nmbers .of  apprbximatelg 0 .w . 
Lmgley Memorial Aeronautical  Laboratory 

National Advieory Committee fo r  AeFmutlcs 
Langley Field, Va. 

1 B-e, Robert W. : Experimental Conalxiction Effects in H i g h -  
Speed Wlnd Tunnela . NACA ACR no . L4LO7a, 1944. 

2 Glauerk, 3. : W i n d  T u n n e l  Interference on W i n g e r ,  Sodies and 
Airscrews. R .  .% M I  No. 1566, Br i t i sh  A.  R. C., 3.933. 

3 Thorn, A. : Blockage Corrections i n  a Closed High-speed Tunnel 
R - & M. No. 2033, British A.R .C *, 1943. 

4 . Goldeteln, S ., and Young, A. D. : The Linesr Perburbation Theorg 
of CompreeBible Flow, with Applications to Wind-Tunnel Inbrf'er- 
ence. R.  B M. No. 1309, B-ritish A.R.C., 1943. 

5 .  Zalovcik, John A., and Sawyer, Richard E . :  Longitudinal Stabili ty 
and Control Characterfstiss of a Semispan A i r p l a m  Model at 
Trasleonic Speeds from Teats by the NACA WFng-Flor~ Method. 
NACA ACR No L6E15, 1946. 



XS-1 TRANSONIC RESEARCH 

Power : 
Four rocket units each capable of delfvering 3500 pounds thrust, 
grouped In rear of fuselage. 

Center-of-graTity position, percent M a A a C o e  . . . . . . . . . . .  25 



NACA RM No. L7A03 ‘ Fig. 1 



. . .  

Figure 2.- L-scale model of XS-1 airplane mounted h the Langley 8-foot 16 high-speed tunnel. 
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-- ~ o d e l  rorce - Tare-arm force - Guy-wire force 
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Sting force 
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Interference of model 011 sting 

Model force 

mgure 4.- Tare setupe and evaluation t;echnique. 
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Fig .  5b NACA RM No. L7A03 



NACA RM No. L7A03 Fig. 5c 

. 



NACA RM No. L7A03 



NACA RM No. L7A03 Fig. 5e 



Fig. 5f NACA RM No. L7A03 

. 



NACA RM No. L7A03 Fig. 5g 

* 



Fig. 5h NACA R;M No. L7A03 

L 



c 

NACA RM No. L7A03 Fig. 5f 



Fig. 6 NACA RM No. L7A03 

" 

. .. 



L 

NACA RM No. L7A03 Fig. 7 



Fig. 8 NACA RM No. L7A03 

. " 

-i 

a 



NACA RM No. L7A03 Fig. 9 



Fig. 10 NACA RM No. L7A03 

. 



MACA RM No. L7A03 Fig. 11 

.. 
c 



Fig. 12 NACA RM No. L7A03 

c 

. 



NACA RM No. L7A03 Fig. 13 

c 


